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Abstract. The private sector decision making situations which 
LCA addresses must also eventually take the economic conse¬ 
quences of alternative products or product designs into account. 
However, neither the internal nor external economic aspects of 
the decisions are within the scope of developed LCA methodol¬ 
ogy, nor are they properly addressed by existing LCA tools. This 
traditional separation of life cycle environmental assessment from 
economic analysis has limited the influence and relevance of 
LCA for decision-making, and left uncharacterized the impor¬ 
tant relationships and trade-offs between the economic and life 
cycle environmental performance of alternative product design 
decision scenarios. Still standard methods of LCA can and have 
been tightly, logically, and practically integrated with standard 
methods for cost accounting, life cycle cost analysis, and sce¬ 
nario-based economic risk modeling. The result is an ability to 
take both economic and environmental performance-and their 
tradeoff relationships - into account in product/process design 
decision making. 
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1 Introduction: 

Differences between LCA and Life Cycle Cost Analysis 

The private sector decision making contexts addressed by 
LCA must also eventually take the economic consequences 
of alternative products or product designs into account. 
However, neither the internal nor external economic aspects 
of the decisions are within the scope of developed LCA meth¬ 
odology, nor are they properly addressed by traditional LCA 


tools. Neither has the ISO 14040 series of standards for LCA 
methodology addressed the integration of economic analy¬ 
sis with LCA. 

Despite the similarity of their names, Life Cycle Cost analy¬ 
sis (LCC) and LCA have major methodological differences 
as summarized in Table 1. These differences stem from the 
fact that LCC and LCA are each designed to provide an¬ 
swers to very different questions. Life Cycle Assessment 
evaluates the relative environmental performance of alter¬ 
native product systems for providing the same function. This 
environmental performance is assessed as holistically as pos¬ 
sible, aiming to consider all important causally-connected 
processes, all important resource and consumption flows, 
regardless of whether or not they eventually impact anyone. 
Life Cycle Cost compares the cost-effectiveness of alterna¬ 
tive investments or business decisions from the perspective 
of an economic decision maker such as a manufacturing firm 
or a consumer. These differences in their purpose have prop¬ 
erly resulted in differences in their scope and method. 

Let’s consider the differences using the purchase of a com¬ 
puter as an example. First, note that the 'life cycles' being 
addressed by each method are different. The time horizon 
of an LCC analysis is the economic lifetime of the invest¬ 
ment (Fuller and Petersen 1998, 1996). This economic life¬ 
time can be even shorter than the 'usage phase 1 in LCA; it is 
set by the accounting conventions of the decision maker. 
For the LCC, the economic life of the computer might be 
three years, for example, after which point it is presumed to 
be sold at its 'salvage value'. For the LCA, the expected physi¬ 
cal use life of the computer might be five years, or longer if 
repairs and upgrades are taken into account. 


Table 1: How LCA and LCC differ in purpose and approach 


Tool/Method 

LCA 

LCC 

Purpose 

Compare relative environmental performance of alternative 
product systems for meeting the same end-use function, from 
a broad, societal perspective 

Determine cost-effectiveness of alternative investments and 
business decisions, from the perspective of an economic 
decision maker such as a manufacturing firm or a consumer 

Activities which are 
considered part of 
the ’Life Cycle’ 

All processes causally connected to the physical life cycle of 
the product; including the entire pre-usage supply chain; use 
and the processes supplying use; end-of-life and the 
processes supplying end-of-life steps 

Activities causing direct costs or benefits to the decision 
maker during the economic life of the investment, as a result 
of the investment 

Flows considered 

Pollutants, resources, and inter-process flows of materials 
and energy 

Cost and benefit monetary flows directly impacting decision 
maker 

Units for tracking 
flows 

Primarily mass and energy; occasionally volume, other 
physical units 

Monetary units (e.g., dollars, euro, etc.) 

Time treatment and 
scope 

The timing of processes and their release or consumption 
flows is traditionally ignored; impact assessment may address 
a fixed time window of impacts (e.g., 100-year time horizon 
for assessing global warming potentials) but future impacts 
are generally not discounted 

Timing is critical. Present valuing (discounting) of costs and 
benefits. Specific time horizon scope is adopted, and any 
costs or benefits occurring outside that scope are ignored 
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The process scope of rhe LCC includes only those processes 
imposing direct economic costs (or benefits) upon the deci¬ 
sion maker. Thus, we account for selling prices of inputs to 
the investment's economic life (for example, the purchase 
price of the computer, a pair of replacement batteries, and 
the electricity used during its life; we subtract the salvage 
value from the life cycle costs). As in an LCA, we might 
neglect costs which are expected to be equivalent among 
alternatives, which might include the costs of software, cus¬ 
tomer support, and electronic media. 

For the LCA, we of course include all processes which are 
causally-affected by the life cycles of the alternatives, possi¬ 
bly neglecting those which are expected to be identical among 
alternatives. Thus, we include manufacture of the computer, 
manufacture of its components, provision of fuel and elec¬ 
tricity to the entire supply chain, generating electricity to 
supply the use phase, recycling or landfilling of the com¬ 
puter after use, etc. The modeled processes may number into 
the hundreds in an LCA. 

The two methods differ greatly in their flow scope. The LCC 
includes only the cost flows described above. Note that some 
of the cost flows may not be proportional to, or even depen¬ 
dent at all upon, physical flows modeled in the LCA. The 
LCC takes careful account of the timing of the cost flows, 
while LCA neglects flow timing. The LCC may also include 
cost risks, and how they are altered or avoided as a function 
of product/process design investment options. Finally, the 
LCA considers flows of pollutants and resources from each 
of the modeled processes. 

As can be seen, properly and fully integrating meaningful 
economic analysis into LCA requires going well beyond sim¬ 
ply treating economic cost as 'just another flow', or as an¬ 
other property of flows, within traditional LCA software. It 
requires the addition of a time dimension to the modeling; 
the ability to introduce and work with variables that have 
no causal dependence upon inventory flows; and the ability 
to create and work with probabilistic scenarios in order to 
capture risks. 

The consequences of leaving LCC out of LCA were summa¬ 
rized in (Norris 2000). They are: 

• Limited influence and relevance of LCA for decision 
making; 

• Inability to capture relationships among environmental 
and cost consequences, which also inhibits the search 
for the most cost-effective means to environmental im¬ 
provements; 

• Potential to miss economically important or in some cases 
even economically pivotal environment-related conse¬ 
quences to the company of alternative decisions. 

2 Two Approaches For Linking LCA and LCC 

This section outlines tw^o available approaches to fully inte¬ 
grating LCA with LCC. First it should be stressed that both 
approaches represent integrations of full LCA with full LCC. 
In the past proposals have been made which link either full 
LCA w r ith partial LCC, or vice versa. The first class of par¬ 
tial solutions simply added cost flows into the traditional 


LCA framework, treating cost flows just like physical flows. 
This approach does not augment LCA with capabilities which 
are useful in an LCC sense, since it treats costs in ways which 
conflict with the key aspects of LCC listed in Table 1. 

Another family of half-way approaches has added to LCC 
elements of 'streamlined' or truncated LCA, such as physi¬ 
cal flows from the core company and perhaps some first tier 
suppliers. This approach lacks the LCA attributes listed in 
Table 1, and so fails to identify decisions which minimize 
total environmental burdens over the full life cycle. 

2.1 Approach 1: PTLaser 

A first combined solution, called 'PTLaser', begins with a 
capability' for process modeling which satisfies and then goes 
beyond the required LCA attributes listed in Table 1. Non- 
rradidonal LCA process modeling capabilities present in 
PTLaser include the ability to define non-linear relationships 
anywhere in the system, to include non-flow-based causal 
influences among processes, to introduce scenarios and con¬ 
duct multi-variate sensitivity analysis, and to define any pa¬ 
rameter in the system as uncertain and then to conduct Monte 
Carlo uncertainty analysis. 

To this suite of capabilities it adds the required LCC capabili¬ 
ties listed in Table 1. First, the dimension of time is present, 
which also enables dynamic LCA - e.g., time-varying input/ 
output coefficients or emissions coefficients. Also provided is 
the ability to assign to any physical flow an unlimited number 
of different fixed and/or variable cost functions. Third, users 
can define investment costs and their timing for each alterna¬ 
tive, and then employ flexible depreciation and tax account¬ 
ing, as well as discounting (present valuing) of all costs and 
benefits. The analysis satisfies the activity scope requirements 
of LCC within an LCA-scoped model by allowing users to 
add only the costs borne by the decision-making firm. 

PTLaser is also designed to provide robust treatment of two 
additional aspects not listed in Table 1 which are central to 
many LCCs of environmental investments: uncertainty and 
risk. Economic as well as physical parameters in the models 
can be defined as uncertain, even dynamically uncertain. The 
influence of all input uncertainties upon each alternative's 
results is then taken into account using Monte Carlo simu¬ 
lation, and uncertainties' influence can be compared as well. 
A scenario-building capability allows inclusion of occur¬ 
rences which may take place with specified probability (al¬ 
lowed to be dynamic), and whose cost consequences can 
also be specified as dynamic and uncertain. 

Based on the models user inputs, the program calculates life 
cycle inventories for the modeled system alternatives (LCA 
results) and provides financial evaluations of all alternatives 
(LCC results), present valuing costs and benefits. Further 
information about PTLaser is available at (Sylvatica 2000). 

2.2 Approach 2: TCAce 

A second tool has recently been completed by a collabora¬ 
tive effort of ten multinational companies and the American 
Institute of Chemical Engineers' Center for Waste Reduc- 


Int. J. LCA 6 (2) 2001 


119 



Life Cycle Costing 


InLCA: Selected Papers 



Monte Carlo Simulation 
of Futures and Cost 
Consequences 


f 

Results Reporting & 
Cause/Factor 
Exploration 


Fig. 1 : Schematic of the TCAce Process 

tion Technologies. The collaborative project developed a 
methodology for Total Cost Assessment' (CWRT 1999, 
Beaver 2000) (Fig. 1). 

The methodology developed during the project differenti¬ 
ates five cost types as summarized in Table 2. Types 1 through 
4 are internal costs borne by the company; these costs would 
be included in a comprehensive LCC evaluation of invest¬ 
ment alternatives, although traditional LCCs typically cap¬ 
ture only Type 1 (direct) and some Type 2 (indirect) costs. 
TCAce is specially designed to enable users to broaden the 
cost scope to include less tangible costs (types 4 and 5) ap¬ 
plying quantitative methods which are fully consistent with 
their companies’ existing approaches to LCCs of Type 1 and 
2 costs. This consistency with existent corporate accounting 
conventions can include approaches to capital depreciation, 
treatment of taxes, discounting, and the time horizon of LCC 
evaluations. Also, users can import the results of conven¬ 
tional LCC of Type 1 and 2 costs into TCAce from their 
existing financial accounting software or databases. 

TCAce also allows users the option of estimating ’external’ 
Type 5 costs - those borne by parties other than the decision 
making company or its suppliers or customers. Type 5 costs 
can depend in part upon the Life Cycle Inventory data im¬ 
ported by the user into TCAce from their standard LCA 
software. If they are included in the analysis, Type 5 costs 


must still be kept separate from internal costs, since they do 
not directly impact the cost-effectiveness of a decision. For 
example, in its application of TCAce, the Dow’ Chemical Com¬ 
pany addresses true business costs only, Types I through TV, in 
their current decision making process. They still look at Type 
V costs - but primarily from a public policy perspective and 
as one tool to influence appropriate public policy. 

TCAce is already helping the collaborating CWRT compa¬ 
nies to re-evaluate (and in reported cases, change for the 
better) millions of dollars’ worth of decisions, both capital 
investment as well as product-related. It does this by ex¬ 
panding the decision scope to include conventionally-over¬ 
looked factors which may be important. As the leading 
TCAce user in one company reported, "we always knew 
those costs were out there, but we had no way of dealing 
with them on the same basis as our Type 1 and 2 costs." 

One of the key ways TCAce users are achieving these out¬ 
comes is by using the software as a mechanism for integrat¬ 
ing judgments and information from across the company. 
The TCAce scenario-builder can be used during interactive 
workshops which facilitate and integrate inputs and ideas 
from company-wide cross-functional teams of experts. These 
workshops have been reported to stimulate thinking and 
yield insights which would not have been generated by com¬ 
pany individuals working in isolation. The dynamic cost and 
benefit consequences of these insights are then integrated 
with conventional analyses, broadening decision makers' 
perspectives and ultimately leading to better decisions. 
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Table 2: Cost types in the AlChE/CWRT total cost assessment method and TCAce 


Cost Type 

Description 

Type 1: Direct 

Direct costs of capital investment, labor, raw material and waste disposal. May include both recurring and non-recurring 
costs. Includes both capital and O&M costs 

Type 2: Indirect 

Indirect costs not allocated to the product or process (overhead). May include both recurring and non-recurring costs. 

Includes both capital and O&M costs 

Type 3: Contingent 

Contingent costs such as fines and penalties, costs of forced clean-up, personal injury liabilities, and property damage 
liabilities 

Type 4: Intangible 

Difficult to measure costs, including consumer acceptance, customer loyalty, worker morale, union relations, worker 
wellness, corporate image, community relations 

Type 5: External 

Costs borne by parties other than the company (e.g., society) 
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